Recent studies revealed reverse remodeling in left ventricle with cardiac resynchronization therapy (CRT). However, effects on left atrial remodeling, left atrial total emptying fraction and left atrial spontaneous echo contrast (SEC) have not been adequately evaluated. The aim of this study was to investigate the long-term changes in SEC, left atrial reverse remodeling, and left atrial total emptying fraction after CRT. Twenty patients with systolic heart failure and complete left bundle-branch block underwent implantation of biventricular pacemaker devices. Transthoracic and transesophageal echocardiography were performed one week before and one and six months after pacemaker implantation. After biventricular pacemaker implantation, significant clinical improvement was observed in all patients. Left atrial maximal and minimal volumes showed a significant progressive decline after CRT (reverse remodeling). Left atrial total emptying ejection fraction (LATEF) was 33±19% at baseline and increased to 37±10% and 41±11% at the 1st and 6th months respectively (p=0.01 and p=0.04). SEC was detected in 18 of 20 patients (90%) at the beginning of the study. After six months SEC disappeared in 5 patients and frequency of SEC reduced to 45%. Decrease in the intensity of the SEC was also statistically significant (at the 1st and 6th months; p=0.001 and p<0.001 respectively). Long-term CRT results in atrial reverse remodeling, increases LATEF, and reduces both frequency and intensity of atrial SEC. cardiac resynchronization; atrial reverse remodeling; SEC
In patients with heart failure, the most frequent type of interventricular conduction delay is left bundle-branch block (Doval et al.1994; Aaronson et al. 1997) . Conduction delay leads to abnormal ventricular depolarization and disturbance of the synchrony between interand intraventricular contraction and relaxation (Hardarson et al. 1987; Grines et al. 1989; Xiao et al 1992; Fahy et al. 1996; Nelson et al. 2000; Saxon et al. 2000) . Disturbance of ventricular synchrony causes a shortening in diastolic filling and effective ejection time, reduces stroke volume, prolongs mitral regurgitation and leads to an increase in global and regional wall stress (Grines et al. 1989; Xiao et al. 1992; Nelson et al. 2000) . Previous studies have shown that interventricular conduction delay is also an independent predictor of deteriorated functional capacity and cardiac mortality in these patients (Doval et al.1994; Xiao et al. 1996; Aaronson et al. 1997) .
Although not specifically studied for this particular group of patients, left atrial spontaneous echo contrast (SEC) is frequently observed by transesophageal echocardiography in patients with left ventricular systolic dysfunction (Balck et al. 1991; Bilge et al. 1999) . In patients with dilated cardiomyopathy (CMP) SEC is strongly related to left ventricular ejection fraction, cardiac output, left atrial diameter and left atrial flow velocities and is an indicator for subsequent thromboembolic events (Daniel et al. 1988; Castello et al. 1990; Siostrzonek et al. 1993) .
Cardiac resynchronization therapy leads to an acute and sustained improvement in left ventricular systolic function (Auricchio et al. 1999; Kass et al. 1999; Kerwin et al. 2000) . Restoration of ventricular synchrony increases functional capacity, lengthens exercise duration and improves life quality (Gras et al. 1998; Abraham 2000; Zardini et al. 2000; Cazeau et al. 2001) .
Recent studies revealed a reverse remodeling in left ventricle with cardiac resynchronization therapy (Saxon et al. 1998; Lau et al. 2000; Stellbrink et al. 2001; Sogaard et al. 2002; Pitzalis et al. 2002) . However, changes in left atrial remodeling and effects on SEC have not been adequately evaluated. The aim of this study was to investigate the long-term effects of cardiac resynchronization therapy on left atrial SEC, left atrial reverse remodeling, left atrial total emptying fraction, left ventricular remodeling and systolic function in patients with dilated CMP and left bundle branch block.
METHODS Patients
The study group consisted of 20 patients with dilated CMP who had been referred to our clinic for biventricular pacemaker implantation (Table 1 ). All cases had PR interval 160 milliseconds, QRS duration 150 milliseconds and left bundle branch block pattern. On echocardiographic examination, all patients had ejection fraction <35%, left ventricular end-diastolic diameter >56 mm and asynchronous left ventricular contraction. Functional capacity was NYHA III in 13 cases and NYHA IV in 7 cases.
Exclusion criteria were age younger than 18 years, history of a recent acute coronary syndrome (<3 months), recent coronary by-pass operation (<3 months), terminal disease other than cardiovascular diseases, expected survival less than 1 year, right bundle branch block and incomplete left bundle branch block.
All patients received optimal pharmacological treatment before and after pacemaker implantation. Oral anticoagulation therapy was given to three patients because of atrial fibrillation and one patients because of high-grade SEC before and after implantation. Betablokers were started to all patients and continued in those who could tolerate them. Right atrial and right ventricular stimulation leads were implanted using a transvenous approach. In three patients, the left ventricular epicardial lead was placed using a limited thoracotomy. One week after the implantation atrioventricular delay optimization was performed by transthoracic echocardiographic examination (TTE).
Pacemaker implantation

Echocardiography
Transthoracic and transesophageal echocardiography (TEE) were performed with Toshiba SSA-390A ultrasound machine (Tokyo). TTE examinations were performed with a 2.5 MHz transducer from standard parasternal and apical views one week before pacemaker implantation. Left ventricular wall thickness, left atrial and left ventricular dimensions were measured from parasternal long axis M-mode tracings according to standard criteria (Sahn et al. 1978) . Left ventricular ejection fraction was estimated from the apical four-chamber view using Simpson method (Schiller et al. 1989) .
Left atrial maximum and minimum areas, maximum and minimum long diameters at mitral valve opening and mitral valve closure were measured from apical views (Gutman et al. 1983; Basnight et al.1991) . Left atrial maximum and minimum volumes (LAV max and LAV min ) were determined from orthogonal apical views using the biplane area-length method (Fig. 1) . Left atrial total emptying fraction (LATEF) was estimated as follows: 100× (LAV max -LAV min ) / LAV max .
Mitral regurgitation was evaluated by colorDoppler echocardiography. Gradient of regurgitation was assessed as follows: Grade-0=none; grade-1=mild; grade-2=moderate and grade3=severe.
Transesophageal echocardiography was performed with a 5 MHz multiplane probe (PEF-S1 OMA) while the patients were in left lateral position (Seward et al. 1990 ). TEE procedure was explained to all patients. Hypopharynx analgesia was achieved with 10% xylocain spray.
Two observers without regard to the clinical and transthoracic echocardiographic data determined presence and severity of left atrial SEC independently. Left atrial SEC was diagnosed by the presence of dynamic smoke-like echoes within the atrial cavity, with a characteristic swirling motion distinct from white noise artifact (Castello et al. 1990 ). Grade of SEC was classified in 4 classes as follows: Grade-0=none (absence of echogenicity); grade-1=mild (minimal echogenicity located in the left atrial appendage or sparsely distributed in the main cavity of the left atrium; may be detectable only transiently during the cardiac cycle; barely visible at operating gain settings for two-dimensional echocardiographic analysis); grade-2=moderate (dense swirling pattern in the left atrial appendage; generally associated with somewhat lesser intensity in the main cavity; detectable constantly throughout the cardiac cycle without increased gain settings); grade-3=severe (intense echodensity and very slow swirling patterns in the left atrial appendage, usually with similar density in the main cavity) (Balck et al. 1991; Fatkin et al. 1994a, b) . TTE and TEE examinations were repeated at the 1st and 6th months after pacemaker implantation. Written informed consent was obtained from all patients. The study was approved by the Local Ethical Committee.
Statistical analysis
Data is given as mean and standard deviation. Echocardiographic findings in pre-implantation period, at 1st and 6th months were compared with each other using Wilcoxon signed-rank test. A p-value less than 0.05 was accepted as statistical significance.
RESULTS
After biventricular pacemaker implantation, significant clinical improvement was observed in all patients. Class of functional capacity decreased in 1st and 6th months after implantation compared to basal levels (p< 0.05). Exercise testing performed with Naughton protocol revealed a significant increase in exercise duration (p<0.001 and p<0.001) ( Table 2) .
In echocardiographic examination, left ventricular end-diastolic (LVEDD) and end-systolic diameters (LVESD), left ventricular end-diastolic (LVEDV) and end-systolic volumes (LVESV) decreased significantly 1 and 6 months after implantation when compared to baseline values (Table 3) .
Decrease in left ventricular volumes and diameters continued between the 1st and 6th months, however while the decrease in left ventricular end-diastolic volume was statistically significant (p=0.04), reduction in end-systolic volume remained statistically insignificant (p=0.06).
Ejection fraction, fractional shortening and cardiac index showed a significant increase after biventricular pacemaker implantation. Increase in cardiac index continued between the 1st and 6th months; however difference for the other parameters was not statistically significant.
Left atrial diameter measured from parasternal long axis view and left atrial minimum diameter measured from apical view decreased progressively in the follow-up period. There was not any significant change in left atrial maximum diameter.
Significant changes were observed in LAV max and LAV min . Both of them showed a progressive decrease in 6 months after cardiac resynchronization therapy. Together with the changes in size and volume of left atrium, LATEF increased also significantly in the 1st and 6th months when compared to baseline values. Left atrial changes continued between 1st and 6th months, however difference was not statistically significant except LAV min values (Figs. 2 a-c) (Table 3) . Mitral regurgitation was detected in 19 of the patients (95%) before biventricular pacemaker implantation. Severity of mitral regurgitation was grade 1 in 7, grade 2 in 7 and grade 3 in 5 patients. One month after biventricular stimulation, severity of mitral regurgitation changed as follows: grade 1 in 9, grade 2 in 6 and grade 3 in 3 patients. In the 6th month, mitral regurgitation was grade 1 in 8, grade 2 in 4 and grade 3 in 2 patients. Change in the severity of mitral regurgitation in the follow-up period was statistically significant (p<0.05).
Left atrial SEC was detected in 18 patients (90%) before pacemaker implantation. Severity of SEC was grade 1 in 5 (25%), grade 2 in 9 (45%) and grade 3 in 4 (20%) of the patients. Grade 3 SEC has not been observed in any patient one month after cardiac resynchronization. In the 6th month, SEC disappeared in 5 of the cases. Before implantation, mean grade of left atrial SEC was 1.75±1; in the 1st and 6th months it decreased to 1.1±0.8 and 0.8±0.7 respectively (p=0.001 and p<0.001 compared to pre-implantation). Decrease in the intensity of the SEC also was statistically significant between 1st and 6th months (p=0.03) (Figs. 3 and 4) .
Oral anticoagulation treatment had no significant additional effect on the decrease of SEC. Changes in the frequency and severity of SEC were similar between patients with and without anticoagulation therapy.
DISCUSSION
Improvement in clinical status, left ventricular systolic function and left ventricular reverse remodeling has been observed in various studies after cardiac resynchronization therapy (Saxon et al. 1998; Kerwin et al. 2000; Lau et al. 2000; Stellbrink et al. 2001; Pitzalis et al. 2002; Sogaard et al. 2002) . However, effects of cardiac resynchronization therapy on atrial remodeling, left atrial function and SEC have not been evaluated. The objectives of this study was to investigate the effects of biventricular pacing on left atrial reverse remodeling, left atrial total emptying fraction and SEC in association with left ventricular reverse remodeling.
Left ventricular systolic function and reverse remodeling
In our study, we observed a significant improvement in left ventricular systolic function after cardiac resynchronization therapy. This improvement was apparent in the first month after treatment, and continued until 6th month. Parallel to the increase in left ventricular systolic function, a significant decrease in left ventricular enddiastolic and end-systolic volumes was detected after 1 and 6 months compared to baseline values.
Increase of left ventricular systolic function is a well-known effect of biventricular pacing (Kass et al. 1990; Blanc et al. 1997; Gras et al. 1998; Saxon et al. 2000) . However, studies about left ventricular remodeling have been published only in recent years. In a 3 months follow-up study, Lau et al. (2000) showed a progressive decrease in left ventricular end-systolic and enddiastolic diameters and volumes in 11 patients after cardiac resynchronization therapy. In a study consisted of 53 patients, Saxon et al. (1998) got similar findings after a 12 weeks follow-up period. Results of our study are consistent with these previous findings and showed further that, significant changes in left ventricular volumes start already in the first month, and although slower, continue at least until 6 months after biventricular pacing. Grade-3
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Left ventricular reverse remodeling may be attributed to the improvement in left ventricular wall motion asynchrony, increase in contraction, and decrease in mitral regurgitation in addition to the decrease in left ventricular filling pressures. Decrease in peripheral resistance following the increase in cardiac output may also have decreased the left ventricular afterload and augmented the favorable remodeling in left ventricle (Capomolla et al. 2000) .
The finding of progressive reduction in left ventricular volumes supports the previous data, that reverse remodeling observed after cardiac resynchronization is not solely a result of correction of conduction delay, but is a change emerging in a time-dependent manner (Saxon et al. 1998; Lau et al. 2000) .
Left atrial reverse remodeling and LATEF
After resynchronization treatment, left atrial diameters shortened and left atrial volumes diminished significantly. LATEF has also showed a significant enhancement. Similar to the changes in left ventricle, left atrial changes were also more evident in the 1st month and slowed down in the following period. Saxon et al. (1998) reported a significant reduction in atrial volume index simultaneous with reverse ventricular remodeling 12 weeks after resynchronization treatment. Findings of our study support the results of Saxon et al. and shows that changes in left atrium starts earlier after implantation and continues at least until the 6th month. In our study, we also detected a significant increase in LATEF.
Atrial reverse remodeling and increase in the LATEF may be related to the improvement in left ventricular contraction, reduction of left ventricular end-systolic and end-diastolic volumes, decrease in mitral regurgitation and subsequently to the diminish in left atrial volume and pressure. Rossi et al. (2002) showed an independent prognostic value of LAV max in patients with dilated CMP. Determinants of LAV were low ejection fraction, large left ventricular end-diastolic volume, degree of mitral regurgitation, atrial fibrillation, and mitral flow E to A ratio. Patients with a LAV higher than 68.5 ml/m 2 had a 3.8 times higher prognostic risk compared to patients with lower volumes. Decrease in LAV max and reverse atrial remodeling achieved with biventricular pacing treatment may exert favorable effects on prognosis of patients with dilated CMP.
Effect of biventricular pacing on left atrial SEC
Left atrial SEC is a frequent finding in patients with left ventricular systolic dysfunction (Siostrzonek et al. 1993; Bilge et al. 1999) . Although it represents a relatively common event, underlying etiology is still not clear. In-vitro studies revealed that low blood flow velocity and erythrocyte aggregation play an important role in SEC development (Sigel et al. 1981) . Siostrzonek et al. (1993) showed that, in patients with dilated CMP, left atrial SEC occurs more frequently in those with larger left atrial diameters, lower cardiac output and left atrial flow velocities. In the same study, left ventricular systolic function and atrial fibrillation appeared as the most important determinants atrial flow velocity. In the study of Shiari and Mark (2000) left atrial diameter was an independent risk factor for the development of left atrial SEC in patients with sinus rhythm. Erythrocyte aggregation abnormalities in dilated CMP patients may also play a facilitating role for development of SEC (Siostrzonek et al. 1992) .
In our study, left atrial SEC was detected is 18 (90%) of the patients before resynchronization treatment. The higher frequency of SEC observed in our study compared to previous reports (Vigna et al. 1992; Siostrzonek et al. 1993; Bilge et al. 1999) can be explained by more severe left ventricular systolic dysfunction and larger cardiac chambers of our cases.
After cardiac resynchronization treatment, frequency of SEC decreased gradually and in the 6th month it disappeared in 5 of 18 patients (28%). Grade 3 SEC detected in 20% of the patients before resynchronization treatment has not been observed in any patient after 1 month.
Decrease in frequency and intensity of SEC may also be explained by left atrial and ventricular reverse remodeling, and improved cardiac function. An enhanced left ventricular systolic function decreases the left ventricular end-diastolic pressure, and augments the rapid filling of the left ventricle. Decrease in left atrial pressure and the reverse remodeling of the left atrium improves the left atrial systolic function. These changes contribute to the decrease in blood stasis in left atrium and lead to decrease in SEC.
The relation between left atrial SEC, thrombus formation and thromboembolic events has been confirmed in many studies (Daniel et al. 1988; Castello et al. 1990 ). The favorable effect of biventricular pacing on SEC suggests that a decrease in thromboembolic events may be achieved by this new treatment.
